Abstract. α-fetoprotein (AFP)-producing gastric carcinoma is a rare type of gastric cancer, and the characteristics have not yet been fully elucidated. The present study reports the case of a patient with this type of gastric cancer. A 66-year-old male was referred to the Department of Gastrointestinal Surgery, Qianfoshan Hospital, Shandong University (Jinan, China) with a 20-day history of retrosternal pain. A computed tomography (CT) scan revealed a thickening of the wall of the cardia and massive lymph node swelling in the region of the lesser curvature of the stomach. A laboratory investigation revealed that the serum AFP levels of the patient were elevated to 46.49 ng/ml (normal level, <12.00 ng/ml), and the serum carcinoembryonic antigen (CEA) levels were 382.22 ng/ml (normal range, <5.00 ng/ml). An endoscopy revealed an elevated tumor and AFP-producing gastric cancer was diagnosed. As the tumor was surgically unresectable, the patient received systemic adjuvant chemotherapy [consisting of 1 cycle of oxaliplatin (150 mg; day 1)-fluorouracil(1.0 g; days 2-6)-calcium folinate (0.3 g; days 2-6), 4 cycles of paclitaxel (80 mg; day 1 and 8, repeated day 21) and capecitabine (1,000 g/m 2 , twice daily; days 1-14, repeated day 21), and 2 cycles of oxaliplatin (130 mg/m 2 ; day 1, repeated day 21) and S-1 (100 mg/d; day 1-day 14; repeated day 21)]. During the chemotherapy intermission, the patient experienced partial remission; the serum AFP levels remained between 44.5 and 32.7 ng/ml, and serum CEA levels decreased to a normal level. The CT scan revealed that the enlarged lymph nodes of the patient had decreased in size. During the preoperative examinations, an abdominal CT scan revealed no metastasis to the liver. A radical gastrectomy was performed on October 20, 2014. Additionally, the tumor did not demonstrate the diffusion of AFP. The histopathological examination revealed a poorly differentiated adenocarcinoma, with local and neuroendocrine differentiation and no hepatoid features. According to these histopathological findings, the tumor was diagnosed as AFP-producing non-hepatoid adenocarcinoma of the stomach. The patient was treated with systemic immunity-enhancing therapy and has been free of recurrence for 2 months. The present study describes a rare case of AFP-producing non-hepatoid adenocarcinoma of the stomach, with a review of the literature and an investigation of the clinical features.
Introduction
α-fetoprotein (AFP) is an oncofetal glycoprotein that is mainly produced by the yolk sac and liver during fetal development, and to a lesser extent, in the fetal gastrointestinal tract (1, 2) . The greatest serum AFP levels are observed between 12-15 weeks after birth, which decrease to normal adult levels subsequent to approximately one year (3, 4) . AFP is detected in the serum of adults with hepatocellular carcinoma, yolk sac tumors and noncancerous liver disease (2) (3) (4) (5) (6) . Rising AFP levels may also be detected in the malignant tumors of various organs, including the stomach, lung, pancreas, colon, bladder and ovary (7) (8) (9) (10) (11) (12) (13) . The stomach is one of the most common tumor locations (10) . AFP-producing gastric cancer (AFP-GC) was first reported in 1970 by Bourreille (14) . The incidence of AFP-GC in all gastric carcinoma ranges between 1.3-15.0% (15) (16) (17) (18) (19) . Nagai et al proposed that the defining diagnosis of AFP-GC may be based on the recognition of characteristic histological features (20) . AFP-GC may be divided into two subtypes, consisting of AFP-producing non-hepatoid adenocarcinoma and hepatoid adenocarcinoma. AFP-GC is usually diagnosed in the advanced stages of disease and demonstrates a poor prognosis (20) (21) (22) . In patients exhibiting serum AFP levels of >300 ng/ml, the 1-, 3-, and 5-year survival rates are 15.4, 7.7%, and 0%, respectively. By contrast, in patients exhibiting serum AFP levels of 20-300 ng/ml, the 1-, 3-, 5-and 10-year survival rates are 46.7, 28.9, 17.8 and 13.3%, respectively (23) . Liver metastasis is considered the major independent prognostic factor for AFP-GC patients (24) . As AFP-GCs are aggressive tumors, radical resection is the standard treatment, whereas palliative resection is reserved for patients exhibiting (25) . The present study describes the rare case of a AFP-producing non-hepatoid adenocarcinoma of the stomach, with a review of the literature. Written informed consent was obtained from the patient.
Case report
A 66-year-old man presented to a local doctor with a 20-day history of retrosternal pain. A radiographic examination of the upper gastrointestinal tract revealed a gastric mass, which was suspected to be gastric cancer. The patient was referred to the Department of Gastrointestinal Surgery, Qianfoshan Hospital, Shandong University (Jinan, China) for additional examination and treatment. A laboratory investigation revealed that the serum AFP levels of the patient were elevated to 46.49 ng/ml (normal range, <12.00 ng/ml), and the serum carcinoembryonic antigen (CEA) levels were 382.22 ng/ml (normal range, <5.00 ng/ml). The results of other laboratory tests, including liver function tests, were all within normal limits. A computed tomography (CT) scan revealed a thickening of the wall of the cardia and massive lymph node swelling in the lesser curvature of the stomach and head of the pancreas (Fig. 1A) . However, no metastasis was observed. Endoscopy revealed a tumor that demonstrated necrosis and hemorrhage in the lesser curvature of the stomach, which extended between the antrum and body of the stomach. Biopsies of the region identified a poorly differentiated adenocarcinoma. AFP-GC was diagnosed. Laparotomy was performed, which indicated that the carcinoma had extended into the lumen of small lymphatic and venular vessels. The tumor was surgically unresectable, so the patient received systemic adjuvant chemotherapy, consisting of 1 cycle of oxaliplatin (150 mg; day 1)-fluorouracil (1.0 g; days 2-6)-calcium folinate (0.3 g; days 2-6), 4 cycles of paclitaxel (80 mg; day 1 and 8, repeated day 21) and capecitabine (1,000 g/m 2 , twice daily; days 1-14, repeated day 21), and 2 cycles of oxaliplatin (130 mg/m 2 ; day 1, repeated day 21) and S-1 (100 mg/d; day 1-day 14; repeated day 21). These treatments resulted in partial remission; the serum AFP levels remained between 44.5 and 32.7 ng/ml, and the serum CEA decreased to normal levels (normal range, <5.0 ng/ml). Upper gastrointestinal radiological studies revealed an irregular structure, a filling defect and wall stiffness at the cardia (Fig. 1B) . The CT scan showed that the enlarged lymph nodes had decreased in size (Fig. 1C) , and there was no evidence of ascites or liver metastasis. A radical gastrectomy was performed on 20 October 2014. The surgically resected specimen revealed an elevated tumor (diameter, 4.0 cm) with surface erosion at the cardia (Fig. 1D ) that was located between the lesser curvature and the posterior-wall.
Microscopically, the tumor was a poorly differentiated adenocarcinoma (Fig. 1E ) that invaded the serous layer region, with local and neuroendocrine differentiation and no hepatoid features. Immunohistochemistry revealed that the tumor did not demonstrate the diffusion of AFP (Fig. 1F) . Specific staining for CEA was focally demonstrated in the poorly differentiated adenocarcinomatous region. Three lymph nodes on the lesser curvature and one lymph node on 
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the greater curvature demonstrated massive swelling. The prominent intravascular proliferation of non-hepatoid tumor cells, which occasionally form tumor thrombi, was frequently observed. These immunohistochemical findings combined with the previously described features supported the diagnosis of AFP-producing non-hepatoid adenocarcinoma of the stomach. The tumor was diagnosed as stage IIIB (T3N2M0), according to the American Joint Committee on Cancer guidelines (26) . Postoperatively, the serum AFP levels decreased to 18.58 ng/ml within 2 weeks and the serum AFP levels reached 3.90 ng/ml 1 month subsequent to the surgery. The patient was treated with systemic immunity-enhancing therapy and has been free of recurrence for 2 months.
Discussion
AFP is an oncofetal glycoprotein mainly produced by the yolk sac and liver during fetal development and, to a lesser extent, in the fetal gastrointestinal tract (1,2). The highest serum levels appear between 12-15 weeks of gestation, and decrease to normal adult levels approximately one year later (3, 4) . AFP is frequently detected in the serum of adults that have hepatocellular carcinoma, yolk sac tumors and noncancerous liver disease (2-6). Elevated levels of AFP have been detected in the malignant tumors of various organs, including the stomach, lung, pancreas, colon, bladder and ovary (7) (8) (9) (10) (11) (12) (13) . The stomach is one of the most common locations of these tumors (10). AFP-GC was first reported in 1970 by Bourreille (14) . The incidence of AFP-GC in all gastric carcinoma ranges between 1.3-15.0% (15) (16) (17) (18) (19) .
Numerous studies have described the histological features of AFP-GC (20, (27) (28) (29) . In 1981, Kodama et al described two histological types of AFP-GC based on immunohistochemical staining, consisting of a medullary type characterized by polygonal cells arranged in solid nests or sheets, and a well-differentiated papillary or tubular type, with clear cytoplasm (27) . Ishikura et al proposed the term 'hepatoid adenocarcinoma of the stomach' for primary gastric carcinomas that were characterized by hepatoid differentiation and the production of large amounts of AFP (28, 29) . To discriminate between non-hepatoid adenocarcinoma and hepatoid adenocarcinoma of the stomach, the measurement of AFP isoforms is also useful, and hepatoid adenocarcinoma of the stomach demonstrates a liver-type binding pattern with the lectin concanavalin A (29). Nagai et al proposed a novel definition, that the diagnosis of AFP-GC may be based on characteristic histological features (20) .
A F P-G C may be divided i nto two subt y pes, AFP-producing non-hepatoid adenocarcinoma and hepatoid adenocarcinoma. In the present study, the tumor differed from a hepatocellular carcinoma in histological and morphological characteristics, which led to the diagnosis of an AFP-producing non-hepatoid adenocarcinoma of the stomach. The number of studies reporting this type of tumor at present is fairly small. AFP-GC is usually diagnosed in the advanced stages of disease (20) (21) (22) . The prognosis of AFP-GC is closely associated with the tumor stage (20, 30) . Other factors have also been reported as important for predicting the prognosis of patients with AFP-GC (31), including the depth of invasion, degree of lymph node metastasis and AFP expression, and the expression of p21 (32) . Previously, factors including increased mitosis, cell movement, proliferative activity, tumor progression, hepatocyte and receptor growth factor, c-Met, vascular endothelial growth factor (VEGF) and the isoform VEGF-C expression were identified as being associated with AFP-GC, and as poor prognostic factors of cancer (33) (34) (35) . Previously, Dhar et al proposed a novel theory that the poor prognosis of AFP-GC may be associated with the presence of P-glycoprotein (36) . Chang et al reported that, even if no metastasis is present preoperatively, liver metastasis may occur within a year following surgery, and that the close observation and long-term follow-up of patients is required (27) . In addition, AFP-producing tumors were indicated to demonstrate an increased likelihood of expressing chemoresistance-associated proteins. Hirashima et al (37) proposed that AFP-GC is sensitive to cisplatin, but resistant to fluoropyrimidine prodrugs such as capecitabine, which require conversion into 5-fluorouracil by thymidine phosphorylase (38) . Due to the poor prognosis of AFP-GC, accurate diagnosis is important. Clinicians may be required to consider more aggressive treatment options for patients with a good performance status, and recommend resections and additional chemotherapy.
